Tetraploîdam sarkanam âboliòam Lietuvas apstâkïos nav lielâka sausnas raþa, salîdzinot ar diploîdâm formâm, bet kopumâ zemâka sçklu raþa.
INTRODUCTION
Red clover (Trifolium pratense L.) is widely grown in the temperate climate zone as a forage legume. Red clover is adapted to a wide range of soil types and fertility, climatic conditions and land-use patterns. It is an excellent nitrogen source, and a couple of centuries ago it was the main nitrogen source in Europe (Taylor, 2008) . The yield potential of some genotypes exceeds that of non-improved lucerne cultivars. It possesses superior forage quality. However, its present area has highly decreased compared to the area before 50-60 years. One of the main factors for this was low nitrogen fertilisers cost at the end of 20 th century (Taylor and Quesenberry, 1996) . On the other hand, in Europe there have been many efforts to develop sustainable and environmentally friendly agriculture. Therefore, farmers have a more positive attitude to use of red clover in crop rotations at present (Helgadottir et al., 2000; Black et al., 2009; Tavlas, 2009; Zuk-Golaszewska et al., 2010) . Organic farming has become popular, and productivity in crop rotations of this system is highly dependent on red clover. Red clover as a catch crop is one of the most yielding among forage crops (Marcinkevièienë and Boguþas, 2011) . However, relative high seed price does not make this plant very attractive for such use.
Although the red clover growing area has declined, breeding efforts have not been suspended. As a result, red clover cultivars with higher yield, better persistence due to improved disease resistance are available. Both di-and tetraploid forms are widely available to growers (Anonymous, 2009 ). The tetraploid form was developed, as it was considered that a higher ploidity level should increase yield. The majority of investigations have shown that tetraploid cultivars are more productive in forage and dry matter yield than diploid cultivars. However, many researchers have noted generally lower seed yield in tetraploid cultivars (Muntean and Savati, 2003; Drobna, 2009; Onal, 2011) . Cultivars of both ploidy forms are registered in Lithuania. Nine cultivars of red clover with different earliness and disease resistance have been bred. Eight cultivars have been registered, of which five are diploid and three are tetraploid forms.
The aim of the present work was comparison of forage dry matter and seed yield of red clover di-and tetraploid genotypes under Lithuanian conditions.
MATERIAL AND METHODS
The study was carried out at The data were processed by means of ANOVA statistical analysis.
RESULTS
The average red clover diploid and tetraploid fresh forage and DM yield were lowest in the 2003 sowing year and highest in the 2007 sowing year (Table 1) . Forage and DM yield of red clover tetraploid genotypes was slightly higher compared with that of diploid genotypes (Tables 1-4) . Differences in forage yield were higher than those in DM yield. The average forage yield of tetraploid red clover was higher compared with that of diploid clover by 12.3%. The average DM yield of tetraploid red clover compared with that of the diploids was higher only by 6.5%. The average forage and DM yields were verey similar for diploid and tetraploid genotypes when averaged over all years. Of the annual harvest, the forage and DM yields of the 1 st cut were about 50%, the yields of the 2 nd cut were about 30% and the yields of the 3 rd cut were about 20%.
However, some considerable variation was observed among some years. The proportion yield of the first cut % for forage and DM were the most stable, and ranged from 43.5 to 50.1% for forage and from 45.9 to 55.6% for DM for diploids. For tetraploids, it ranged from 43.0 to 54.5% for forage yield and from 44.7 to 55.6% for DM yield. The relative yield % of the 2 nd cut differed more among years, The seed yields were very low over the period (Table 6 ). The seed yields of diploid genotypes were 58.0, 124.7, 217.0, 41.9 kg ha -1 with an average of 110.4 kg ha -1 . The seed yields of tetraploid genotypes were 161.8, 68.8, 120.0, 28.8 kg ha -1 with an average 94.9 kg ha -1 (2004, 2006, 2008, 2010 years, respectively) . The average seed yield of the diploid population's was higher than that of tetraploid populations by 16.3%. The highest negative impact on seed yield was due to wet weather, which promoted development of diseases on above-ground plant parts. CV among diploid genotypes varied from 33.3 to 60.3% in experimental years. Similar variation was observed among tetraploid genotypes: range from 18.8 to 70.6%.
DISCUSSION
Traditionally, red clover is cut twice a year when it is at 50% bloom or greater. With this harvest system farmers end up cutting too late to obtain maximum forage quality. More recently, farmers have been cutting red clover three times during the summer to obtain higher quality forage. However, with a three-cut system, farmers are concerned that they may give up yield and persistence (Wiersma and Bolen 2000) . In our investigation, a three cut system was used, exceptin in 2006 year. In 2006, forage was cut twice because of drought.
The variation of forage and DM yield showed that DM is a more reliable criterion for evaluation of yield of red clover genotypes. This was especially evidentc for tetraploids due to their higher content of water. Some investigations have shown that forage yield of tetraploid can be higher more than 50% in cases when DM yield is higher only by up to 10% (Leto et al., 2004; Zuk-Golaszewska et al., 2010) . Our results confirm this relationship, as forage yield of tetraploid genotypes was higher by 12.3%, compared that of with diploid genotypes, while DM yield was higher by only by 6.5%. The water demand for tetraploids is higher, as the yield is lower than for diplods in dry years (Graman, 1988 Yli-Mattila et al., 2010) . Svirskis and Juknevièius (2006) considered that new Lithuanian red clover cultivars have good disease resistance. However, severe decreases of yield in years favourable for pathogens showed that red clover of both types require directed improvement for disease resistance under Lithuanian conditions. Climate change has resulted in milder winters with shallow snow, which promotes plant infection by diseases causing root and crown rots, especially S. trifoliorum. The consequences of climate change weree seen from our study, when forage and DM yield decreased three times compared to first year yields in 2011. Therefore, disease evaluation and establishment of special fields should be one of priorities for successful red clover cultivar development. Red clover cultivars with improved disease resistance are characterized by high persistence. Such cultivars can be productive for three and even four years (Abberton and Marshall, 2005; Taylor, 2008; Hejduk, 2011) . Many researchers have shown that visual evaluation of yield is effective and in many cases is highly correlates with conventional evaluation of forage yield. Visual evaluation is even more effective when individual plants are evaluated (Choo, 1984; Jaluvka et al., 2009; Riday, 2009; Lugic et al., 2010 2003: diploid n = 12, tetraploid n = 6; 2005: diploid n = 18, tetraploid n = 11;
2007: diploid n = 14, tetraploid n = 7; 2009: diploid n = 12, tetraploid n = 6 variation of tested genotypes by forage and DM yields that are highly affected by diseases, particularly considering the low general progress world-wide (Taylor, 2008) and not high genetic variability of grown cultivars (Campos de Quiroz and Ortega-Klose, 2001 ).
The variation in seed yield showed that production of diploid red clover seeds is less problematic. One of the reasons why tetraploids yield lower seed can be longer floral tube together with genetic peculiarities related to seed set (Taylor and Quesenberry, 1996) . Under Lithuanian conditions, the only honey bee race 'Caucasian' is available as an efficient pollinator of red clover. The other honey bee races are inefficient pollinators due to a shorter tongue. The lower flower number per flower head also can negatively influence seed yield of tetraploids (Muntean, 2008) . Seed yield of diploids was twice higher than that of tetraploids in three years of four. Seed weight was twice higher for tetraploids. Therefore, seed number of tetraploids was lower by four times. This indicates that seed set in tetraploids is very problematic. Decrease of plant number after winter should not highly negatively influence seed yield. Diseases damaging above ground parts of red clover is much more harmful for seed production than that for forage yield due to a much longer period of diseases development on seed crop. The high level of disease is very harmful to red clover under Lithuanian conditions. Seed yield of cultivars susceptible to many diseases can be lost totally in years favourable to diseases. In many cases these favourable conditions are due to rainy weather. These conditions also cause severe lodging of crops which in turn complicates harvesting the remaining seeds. It seems that only directed disease resistance breeding can help to improve seed yield of red clover. Visual evaluation of individually grown plants should allow selecting the most resistant plants possessing a complex of desirable traits also in the case of selection for forage yield.
